It has been previously demonstrated that microRNA (miR)-25 plays critical roles in collagen deposition. Ischemia/reperfusion injury to the myocardium results in fibrosis and collagen deposition. However, whether miR-25 is involved in the development of hypoxia/reoxygenation (H/R)-induced fibrosis in cardiomyocytes or not remains largely unknown. For this purpose, in the present study, cardiomyocyte H9c2 cells were subjected to H/R. The techniques of flow cytometry, western blot analysis and RT-qPCR were used and we observed increases in the cell apoptosis rate and fibrosis as well as blocking of the cell cycle in the G1 phase. Moreover, the expression of miR-25 was downregulated after H/R and high-mobility group box 1 (HMGB1) expression was increased. We also found that the overexpression of miR-25 under conditions of H/R inhibited fibrosis and cell apoptosis as well as reversing the cell cycle blocking. Additionally, the targeting of HMGB1 by miR-25 was confirmed by a dual-luciferase reporter gene assay. Moreover, the effects of miR-25 were further enhanced by a transforming growth factor-β1 (TGF-β1)/Smad3 inhibitor, SB431542, as fibrosis was reduced and apoptosis was suppressed. In conclusion, the protective effects of miR-25 against H/R-induced fibrosis and apoptosis H9c2 cells were due to direct targeting of HMGB1 through the downregulation of the TGF-β1/Smad3 signaling pathway.
Introduction
Ischemia/reperfusion (I/R) injury to the myocardium, kidney and lungs results in fibrosis, which is mainly mediated by inflammation, the transdifferentiation of fibroblasts to fibroblasts and collagen deposition (1) (2) (3) . One of the molecular pathways involved is the epithelial to mesenchymal transition (EMT) (4).
High-mobility group box 1 (HMGB1), a non-chromosomal nuclear protein that regulates gene transcription and maintains the nucleosome structure (5), has been identified as an inflammatory factor that regulates the EMT process (6) . Additionally, HMGB1 has been proved to be associated with I/R injury. A previous study has shown that cardiac HMGB1 expression is upregulated following I/R injury of the heart, and the inhibition of HMGB1 significantly reduced tissue inflammation, injury and fibrosis in addition to improving cardiac performance (7) . Taken together, these findings suggest that HMGB1 is a novel target for suppressing the inflammatory process and reducing I/R injury.
MicroRNAs (miRNAs or miRs), a type of small, non-coding RNA that regulate protein expression (8) , are also thought to play crucial roles in the development of fibrosis. For example, miR-21 simultaneously regulated ERK1 signaling in hepatic stellate cell (HSC) activation and hepatocyte EMT in hepatic fibrosis (9) . miR-21 promoted fibrogenic EMT of epicardial mesothelial cells which involved programmed cell death 4 and sprouty-1 (10) . Furthermore, miRNAs have been implicated in the regulation of HMGB1. For example, miR-129-2 directly targeted HMGB1 and inhibited its expression in glioma cells (11) . Lu et al demonstrated that miR-181b inhibited the expression of HMGB1 and Mcl-1 by directly binding to their 3'-untranslated regions (3'-UTRs) (12) . Furthermore, overexpressed miR-21 targeted the 3'-UTR of HMGB1 and inhibited HMGB1-induced autophagy (13) . miR-25 is a member of the miR-106b~25 cluster that is associated with EMT and potentially exerts effects on kidney fibrosis (14) . Divakaran et al demonstrated that miR-25 reduced collagen deposition during cardiac fibrosis (15) . However, whether miR-25 plays a role in hypoxia/reoxygenation (H/R)-induced fibrosis and apoptosis, and whether HMGB1 is a target of miR-25, remains largely unknown.
In this study, we examined the effects of miR-25 on H/R-induced fibrosis and the apoptosis of cardiomyocyte H9c2 cells as well as the precise mechanisms responsible for these effects. Firstly, we detected the expression of miR-25 and HMGB1 in H/R-exposed H9c2 cells. Cell cycle analysis as well as measurement of the apoptotic rate was performed in the H/R-exposed cells. Furthermore, we established miR-25-overexpressing and miR-25-silenced cell lines in order to examine the effect of miR-25 on fibrosis and apoptosis. We then confirmed that miR-25 directly targeted HMGB1 and downregulated HMGB1 expression. For signaling pathway analysis, transforming growth factor-β1 (TGF-β1)/Smad3 and ERK1/2 were analyzed following HMGB1 knockdown. Moreover, an inhibitor of the TGF-β1/Smad3 pathway was used to evaluate the effects of miR-25. Taken together, the findings of the present study may provide novel insights into the pathogenesis of fibrosis, particularly with regard to H/R-related heart failure.
Materials and methods
Cell culture. H9c2 cells were purchased from Auragene (Changsha, China). This cell line was recently authenticated and tested for contamination. The cells were cultured in Dulbecco's modified Eagle's medium (DMEM; HyClone, Logan, UT, USA) supplemented with 10% fetal calf serum (Gibco, Gaithersburg, MD, USA). For H/R exposure, H9c2 cells were cultured under hypoxic conditions for 6, 12, 24 or 36 h, followed by reoxygenation for 1 h. The cells were then harvested for use in subsequent experiments.
Flow cytometric analysis. An Annexin V apoptosis detection kit (Life Technologies, Grand Island, NY, USA) was used for apoptosis detection. Following exposure to H/R, H9c2 cells were collected, and washed twice with cold phosphate-buffered saline (PBS) and 500 µl binding buffer was used to resuspend the cells. Annexin V-FITC (5 µl) and propidium iodide (PI) (5 µl) were added to the solution and mixed well. Following a 15-min incubation period at room temperature in the dark, the cells were analyzed using a flow cytometer (BD Biosciences, San Jose, CA, USA).
For cell cycle analysis, following exposure to H/R, the H9c2 cells were collected, and washed twice with cold PBS and 500 µl PBS was used to resuspend the cells. The cells were fixed in 70% ethanol overnight, centrifuged and washed with PBS three times. Finally, 0.2 mg RNase A and 1 ml PI/Triton X-100 solution were used to resuspend the cells for 15 min. The cells were analyzed using a flow cytometer (BD Biosciences).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from H9c2 cells using TRIzol reagent (Life Technologies, Shanghai, China) according to the manufacturer's instructions. cDNA was synthesized using the TaqMan MicroRNA Reverse Transcription kit (Applied Biosystems, Foster City, CA, USA). qPCR was performed using a quantitative fluorescence PCR instrument (ABI 7500 Thermocycler; Life Technologies) and SYBR-Green Universal PCR Master Mix (Bio-Rad, Hercules, CA, USA). The following oligonucleotide sequences of the primer sets were used: miR-25 (HmiR0109); U6 (HmiRQP9001) (both from Fulengen, Guangzhou, China); HMGB1 sense, GGA GAG TAA TGT TAC AGA GCG G and antisense, AGG ATC TCC TTT GCC CAT GT; collagen I sense, ATC AGC CCA AAC CCC AAG GAG A and antisense, CGC AGG AAG GTC AGC TGG ATA G; collagen III sense, TGA TGG GAT CCA ATG AGG GAG A and antisense, GAG TCT CAT GGC CTT GCG TGT TT; matrix metallopeptidase 2 (MMP2) sense, TGA TGG CAT CGC TCA GAT CC and antisense, GGC CTC GTA TAC CGC ATC AA; TIMP metallopeptidase inhibitor 2 (TIMP2) sense, TGT GAC TTC ATC GTG CCC TG and antisense, ATG TAG CAC GGG ATC ATG GG; β-actin sense, AGG GGC CGG ACT CGT CAT ACT and antisense, GGC GGC ACC ACC ATG TAC CCT). qPCR was performed in a total volume of 20 µl, including 10 µl of 2X SYBR-Green qPCR mix, 1 µl of each forward and reverse primer (10 µmol/l), 1 µl of each cDNA sample and 7 µl H 2 O. Amplifications were performed in triplicate in 96-well microtiter plates. The following thermal cycling conditions were used: 95˚C for 3 min, 35 cycles of 95˚C for 10 sec, and 58˚C for 30 sec, finally followed by 95˚C for 12 sec, and 58˚C for 50 sec.
Western blot analysis. Whole-cell lysates were harvested and washed with PBS, and then lysed in a buffer containing 150 mM NaCl, 1 mM PMSF, NaVO 4 , aprotinin and leupeptin as protease inhibitors, in 50 mM Tris-HCl pH 8.0, 0.2% sodium dodecyl sulfate (SDS) and 1% NP-40. Thirty micrograms of protein per sample was resolved on an SDS-polyacrylamide gel with subsequent transfer blotting. The membranes were incubated at 4˚C with a primary antibody overnight [HMGB1, (ab79823; Abcam, Cambridge, UK); TIMP2 (sc-6835) and MMP2 (sc-10736) (both from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA); collagen I (ab34710) and collagen III (ab7778) (both from Abcam); TGF-β1 (YT4632, Immunoway, Newark, DE, USA); ERK1/2 (ab17942; Abcam); phosphorylated (p-)ERK1/2 (sc-16982; Santa Cruz Biotechnology, Inc.); Smad3 (ab40854; Abcam); p-Smad3 (sc-130218; Santa Cruz Biotechnology, Inc.); Bcl-2 (ab117115) and cleaved caspase-3, ab2302 (both from Abcam)]. After washing, the membranes were incubated with the corresponding secondary antibody [111-035-003; 111-035-008 (Jackson ImmunoResearch Laboratories, West Grove, PA, USA)] for 1 h at room temperature, followed by chemiluminescence for visualization. For the control group, the membrane was stripped and reprobed using an actin antibody after probing each membrane with the primary antibody.
Transfection. H9c2 cells were cultured as described above prior to transfection. To knockdown the endogenous expression of miR-25, an miR-25 inhibitor (a recombinant lentivirus of Lv-anti-miR-25) was used and to upregulate miR-25, a recombinant lentivirus of Lv-miR-25 (both from GeneChem, Shanghai, China) was used. As a negative control, an miR inhibitor or overexpression control (lentivirus of Lv-con and Lv-anti-con; GeneChem) was transfected into the H9c2 cells. Then, miR-25 gain/loss models and their controls with the neomycin resistance gene were successfully isolated using G418 (10131-027; Invitrogen Life Technologies, Carlsbad, CA, USA). The stably transfected cells were subjected to hypoxic conditions for 24 h, followed by reoxygenation for 1 h. The cells were then harvested for evaluation by western blot analysis, RT-qPCR and flow cytometry.
HMGB1-shRNA and shRNA control were used to regulate the expression of HMGB1. All the plasmids were purchased from Auragene. Transfection was performed using Lipofectamine™ 2000 (Invitrogen) according to the manufacturer's instructions. Briefly, 100 pmol of mimics was diluted in 250 µl DMEM, which was then mixed with 10 µl Lipofectamine 2000 (diluted in 250 µl serum-free medium). Following incubation at 37˚C for 4 h, the medium was replaced with complete medium and incubated for a further 24 h. The cells were then collected for H/R exposure. miR-25-overexpressing cells were incubated with or without SB431542 (10 µM) (S1067; Selleck Chemicals, Houston, TX, USA) for 24 h, and then subjected to H/R.
Prediction of miRNA-25 targets.
The miRNA databases and target prediction tool, microRNA.org-Targets and Expression, was used to identify potential miR-25 targets.
Dual-luciferase reporter gene assay. A Dual-Luciferase
Reporter Gene assay kit (E1910; Promega, Madison, WI, USA) was used in the study. For the luciferase reporter experiments, a 3'-UTR segment of the HMGB1 gene (accession no. NM_002128.5) was amplified by PCR from human genomic DNA using primers that included an XhoI and NotI tails on the 5' and 3' strands, respectively. PCR products were recombined with psi-CHECK2. The H9c2 cells were then transfected with the firefly luciferase HMGB1-3'UTR-psi-CHECK2, combined with miR-25 mimics (HmiR-AN0351), miR-25 inhibitor (HmiR-AN0351-SN-10), miRNA NC mimics (CmiR-AN0001), and miRNA NC inhibitor (CmiR-AN0001-SN) (all from Fulengen), respectively. Twenty-four hours after transfection, the cells were lysed with a 1X passive lysis buffer and the activity of both Renilla and firefly luciferase was assayed using the dual-luciferase reporter assay system (Promega) according to the manufacturer's instructions.
Statistical analysis. All experiments were repeated three times. All data are presented as the means ± SD. Comparisons between groups were performed by one-way analysis of variance (ANOVA) using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) and Prism 5.0 software (GraphPad Software Inc., San Diego, CA, USA). A P-value <0.05 was considered to indicate a statistically significant difference.
Results

H/R upregulates HMGB1 expression and downregulates miR-25 expression as well as increasing fibrosis and enhancin the apoptosis of H9c2 cells.
Firstly, the H9c2 cells were exposed to hypoxic conditions for 6, 12, 24 and 36 h, respectively, followed by 1 h of reoxygenation. HMGB1 expression was evaluated by RT-qPCR and western blot analysis at different time points. The mRNA expression of HMGB1 increased in a time-dependent manner (Fig. 1A) . The protein expression of HMGB1 increased over time, although there was no significant difference in expression between 24 and 36 h (Fig. 1B and C) . Accordingly, we selected 24 h as the time point for use in subsequent experiments. Additionally, we detected the expression of the miR-106b~25 cluster that is associated with EMT. As shown in Fig. 1D ,the downregulation of miR-25 and miR-93 was observed in the H/R-exposed H9c2 cells over time. Howerer, there were no significant changes in the expression of miR-106b.
In order to examine the apoptosis of H/R-exposed cells, flow cytometry and western blot analysis were performed, respectively. As shown in Fig. 1F , the apoptosis rate was significantly upregulated following exposure to H/R (P<0.01). The protein expression of Bcl-2, which inhibits cell apoptosis, was downregulated (P<0.05), and cleaved caspase-3 expression was significantly upregulated in the H/R-exposed cells (P<0.05) (Fig. 2A) . Additionally, cell cycle analysis by flow cytometry revealed that the number of cells in the G1 phase significantly increased following exposure to H/R (P<0.05), whereas the number of cells in the S phase decreased (P<0.05) (Fig. 1E ). This indicated that the H/R-induced apoptosis of H9c2 cells may involve blocking of the cell cycle in the G1 phase. Finally, we evaluated the expression of fibrosis-related proteins using western blot analysis (Fig. 2B) . The protein expression of fibronectin (P<0.05), TIMP2 (P<0.05), MMP2 (P<0.01), collagen I (P<0.01) and collagen III (P<0.01) were all significantly increased following exposure to H/R compared with that in the control groups.
Collectively, these findings demonstrate that the H/R-exposed cells showed increased levels of apoptosis and fibrosis, upregulation of HMGB1 expression, downregulation of miR-25 expression and blocking of the cell cycle in the G1 phase.
Overexpression of miR-25 reverses the H/R-induced fibrosis and apoptosis of H9c2 cells.
To examine the effects of miR-25, we used a gain-of-function approach based on stable lentiviral transfection. The expression of miR-25 was significantly upregulated in the Lv-miR-25 group compared with the Con group (P<0.05), and it was downregulated in the Lv-anti-miR-25 group (P<0.05). There were no changes in miR-25 expression in the Lv-Con and Lv-anti groups (Fig. 3A) . The mRNA and protein expression of fibrosis-related proteins was evaluated by RT-qPCR and western blot analysis, respectively, in gain-of and lost-of-function models of miR-25 cell lines subjected to H/R. As shown in Fig. 3B , the overexpression of miR-25 significantly reversed the H/R-induced expression of fibronectin (P<0.01), collagen I (P<0.01), collagen III (P<0.01), MMP2 (P<0.01) and TIMP2 (P<0.01). The H/R-induced expression of fibronectin (P<0.01), collagen I (P<0.05), collagen III (P<0.05), MMP2 (P<0.05) and TIMP2 (P<0.05) was further increased when the miR-25-silenced cells were subjected to H/R. These findings suggesed that the overexpression of miR-25 inhibited fibrosis, which was induced by H/R in H9c2 cells. The results of western blot analysis showed that miR-25 overexpression led to similar effects on the expression of fibrosis-related genes (Fig. 3C) .
Additionally, we examined the cell cycle in H9c2 cells exhibiting stable overexpression and silencing of miR-25 following exposure to H/R. The overexpression of miR-25 led to a significant decrease in the number of cells in the G1 phase (P<0.05), whereas the number of cells in the S phase was increased in miR-25-overexpressing cells exposed to H/R (P<0.05) compared with the group of H9c2 cells exposed to H/R only (Con). Silencing miR-25 expression in combination with H/R resulted in increased numbers of cells in the G1 phase and decreased numbers of cells in the S phase (Fig. 4A) . Furthermore, apoptosis was evaluated by flow cytometry and western blot analysis. Fig. 4B and C show that the apoptotic rate in miR-25-overexpressing cells exposed to H/R was decreased compared with the control group (H9c2 cells exposed only to H/R) (P<0.05). Reduced miR-25 expression with H/R led to a significant increase in the apoptotic rate (P<0.01). The protein expression of Bcl-2 was upregulated in miR-25-overexpressing cells exposed to H/R (P<0.05), and cleaved caspase-3 expression was significantly downregulated (P<0.05) (Fig. 4D) . This indicated that the overexpression of miR-25 inhibited the H/R-induced apoptosis of H9c2 cells through regulation of the cell cycle.
These findings demonstrated that the overexpression of miR-25 reversed the enhanced expression of fibrosis-and apoptosis-related genes induced by H/R.
miR-25 directly targets HMGB1 and inhibits HMGB1 expression in H9c2 cells.
The bioinformatics tool, microRNA.org-Targets and Expression, was used to predict the target genes for miR-25. HMGB1 was found to be a potential candidate target of miR-25. In order to confirm whether HMGB1 was indeed functionally targeted by miR-25, a dual-luciferase reporter gene assay was performed. Fig. 5A shows that the overexpression of miR-25 inhibited luciferase activity in the construct with the HMGB1-3'-UTR segment in H9c2 cells (P<0.05).
There was no change in luciferase reporter activity when the cells were transfected with the miR-25-inhibitor or negative controls. This demonstrated that HMGB1 was directly targeted by miR-25 in H9c2 cells. In addition, we performed western blot analysis in miR-25-overexpressing H9c2 cells (Fig. 5B) . As shown in Fig. 5C , the overexpression of miR-25 suppressed the protein expression of HMGB1 compared with the control (P<0.01), and silencing miR-25 upregulated the expression of HMGB1 (P<0.05), with no changes observed in the pre-Con and anti-Con groups. Furthermore, the results of RT-qPCR showed similar effects of miR-25 on the mRNA expression of HMGB1 (P<0.05) (Fig. 5D ). This indicated that HMGB1 was directly targeted and inhibited by miR-25. 
Downregulation of HMGB1 reduces fibrosis via the TGF-β1/Smad3 pathway in H9c2 cells.
To determine the effects of silencing HMGB1, HMGB1-shRNA or Ct-shRNA were transfected into H9c2 cells. As shown in Fig. 6A and B, the mRNA (P<0.001) and protein (P<0.001) expression of HMGB1 was significantly downregulated in the HMGB1-shRNA group.
To further examine the role of HMGB1 in fibrosis, HMGB1-shRNA or Ct-shRNA was transfected into H9c2 cells exposed to H/R. Then, the cells were analyzed by western blot analysis and RT-qPCR for the expression of fibrosis-related genes. The mRNA and protein expression levels of collagen I (P<0.01), collagen III (P<0.01), MMP2 (P<0.05) and TIMP2 (P<0.01) were significantly decreased after silencing HMGB1 (Fig. 6C and D) in the H/R-exposed cells. This suggested that the downregulation of HMGB1 reduced the extent of fibrosis induced by H/R. Furthermore, the HMGB1-related signaling pathways were then evaluated by western blot analysis (Fig. 6E) . The protein expression of TGF-β1 (P<0.05) and p-Smad3 (P<0.05) in the H/R-exposed cells was significantly downregulated following HMGB1 silencing, whereas no difference was observed in the expression of p-ERK1/2 after cell transfection. Taken together, these findings indicate that HMGB1 may enhance fibrosis through the TGF-β1/Smad3 signaling pathway in H9c2 cells exposed to H/R. 
An inhibitor of the TGF-β1/Smad3 signaling pathway enhances the inhibitory effect of miR-25 on fibrosis in H9c2 cells.
A signaling pathway inhibitor of TGF-β1/Smad3, SB431542, was used in miR-25-overexpressing cells exposed to H/R. The expression of fibronectin, collagen I, collagen III, MMP2 and TIMP2 was evaluated by western blot analysis (Fig. 7A) . The expression of all the fibrosis-related proteins in miR-25-overexpressing cells exposed to H/R was significantly suppressed by SB431542 (P<0.05 for fibronectin and TIMP2, P<0.01 for MMP2, collagen I and collagen III). The protein expression of Bcl-2 was upregulated after inhibitor treatment in the miR-25-overexpressing cells exposed to H/R (P<0.01), and cleaved caspase-3 expression was significantly downregulated (P<0.05) (Fig. 7B) . Fig. 7C shows that the apoptotic rate in inhibitor-treated cells exposed to H/R was significantly lower (P<0.01). Collectively, the inhibitor of the TGF-β1/Smad3 signaling pathway enhanced the inhibitory effect of miR-25-overexpression on fibrosis in H/R-exposed cells.
Discussion
Myocardial I/R injury often induces myocardial cell death and fibrosis (16), and miRNAs maybe involved in reducing the risk of myocardial apoptosis and fibrosis (17, 18) . This study examined the role of miR-25 in fibrosis as well as in the apoptosis of H9c2 cells by observing miR-25 expression in H/R and by identifying the signaling pathway of apoptosis and fibrosis involving miR-25.
The expression of the miR-25 family of inflammation-associated miRNAs in the plasma of patients with unstable angina was downregulated in comparison with those who received no statins (19) . The inhibition of miR-25 sensitized the murine myocardium to heart failure in a Hand2-dependent manner (20) . miR-25 has also been proved to decrease collagen deposition (15) . Moreover, we found that miR-25 was the most downregulated miR in the miR-25-106b family in H9c2 cells following exposure to H/R. Exposure to H/R induced the upregulation of fibrosis-related proteins, namely fibronectin, collagen I, collagen III, MMP2 and TIMP2, increased cell apoptosis and cell cycle blocking in the G1 phase. These effects indicate that the expression of miR-25 is associated with H/R-induced apoptosis and fibrosis. Moreover, in the miR-25-overexpressing cells exposed to H/R conditions, fibrosis was inhibited, cell apoptosis was prevented, and cell cycle blocking in the G1 phase was reversed. These results demonstrated that the overexpression of miR-25 inhibited H/R-induced apoptosis and fibrosis.
HMGB1, a chromatin-associated non-histone nuclear protein and extracellular damage-associated molecular pattern (DAMP), is a critical regulator of cell death and survival (21) . Accumulating evidence indicates that some non-immune cells, such as endothelial cells, hepatocytes (22) and cardiomyocytes (23) also actively secrete HMGB1. HMGB1 has been identified as a novel pro-inflammatory cytokine in several cardiovascular diseases (7, (24) (25) (26) . Additionally, HMGB1 has been found to function as an early pro-inflammatory mediator during myocardial I/R, and HMGB1 A box peptide (a specific HMGB1 antagonist) may protect against apoptosis and fibrosis induced by myocardial I/R injury (27, 28) . These results suggested that HMGB1 plays an important role in I/R injury, and is potentially a novel target for reducing I/R injury. In our study, we found that HMGB1 was upregulated in the H9c2 cells following exposure to H/R. Simultaneously, the expression of miR-25 was downregulated. Moreover, we confirmed that HMGB1 may be a potential target of miR-25 using a bioinformatics tool. A dual-luciferase reporter gene assay confirmed that HMGB1 Su et al demonstrated that HMGB1 induced cardiac collagen deposition through the PKCβ/ERK1/2 signaling pathway (29) . Additionally, TGF-β expression correlates with fibrous tissue deposition by inducing extracellular matrix protein synthesis following myocardial infarction (30) . HMGB1 also prevents postinfarction adverse myocardial remodeling through the TGF-β/Smad signaling pathway. It has been shown that the overexpression of the miR-106b-25 cluster in gastrointestinal cancer cells, and suggested that the miR-106b~25 cluster is a key modulator of TGF-β signaling (31) . Furthermore, Smad3 signaling was proved to play roles in modulating myocardial fibrosis, possibly through a pathway that entails the accumulation of miRNAs that decrease collagen gene expression (15) . Therefore, we examined whether the PKCβ/ERK1/2 signaling pathway or the TGF-β1/Smad3 signaling pathway was involved in the regulatory effects of HMGB1 in fibrosis. We found that the downregulation of HMGB1 reduced fibrosis in the H/R-exposed H9c2 cells through the TGF-β1/Smad3 pathway, rather than the PKCβ/ERK1/2 signaling pathway. Moreover, an inhibitor of the TGF-β1/Smad3 signaling pathway (SB431542) enhanced the effect of miR-25.
In conclusion, the upregulation of miR-25 inhibited apoptosis and fibrosis in H/R-exposed cells by directly targeting HMGB1 through the TGF-β1/Smad3 pathway. These findings may provide novel insight into the pathogenesis of fibrosis, particularly with respect to H/R-related heart failure.
